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ABSTRACT 

Several reports from large metropolitan cities have indicated significant association between 
acute morbidity and mortality from cardio-respiratory disorders and daily levels of major 
pollutants in the ambient air. Despite the wide-spread public concern about the adverse health 
effects of air pollution, there is substantial uncertainty regarding the effects of these pollutants 
at a concentration typical of Delhi, which is one of the ten most polluted cities in the world and 
the most polluted city in India. This study was undertaken to correlate the daily levels of 
various pollutants with the number of patients visiting the All India Institute of Medical 
Sciences (AIIMS, New Delhi) casualty for aggravation of certain defined cardiorespiratory 
disorders. Dai ly counts of patients visiting the emergency room of the A11M S for acute asthma, 
acute exacerbation of chronic obstructive airway disease (COAD) and acute coronary event was 
obtained in prospective manner from January 1997 to December 1998. Daily mean levels of 
ambient CO, NO x and SO, were monitored along with temperature and humidity. Data was 
analysed using one day time lag for events of interest. Time series analysis was undertaken 
using Poisson regression and population averaged general estimation equation, correcting for 
auto-correlation, days of the weak and season. The ambient levels of pollutants exceeded the 
national air quality standards on most of the days, over the two year period. Further, 
emergency room visits for asthma, COAD and acute coronary events increased by 21.30%, 
24.90% and 24.30% respectively on account of higher than acceptable levels of pollutants. It is 
concluded that there is considerable burden of cardiorespiratory diseases in Delhi due to high 
levels of ambient air pollution. 


Key words : Air pollution, Asthma, Acute coronary events, Cardiopulmonary disease, COAD. 


[Indian J Chest Dis Allied Sci 2002; 44 : 13-19] 


INTRODUCTION 

There is a growing concern about increasing 
outdoor air pollution in several metropolitan 
cities with high vehicular density'. This is 
particularly true for developing countries where 


the emission standards for motor vehicles, the 
major source of air pollution, are lax or non¬ 
existent. Several reports from North America 1 - 2 , 
Europe 3 and Australia 4 have indicated 
significant association between acute morbidity 
and mortality from cardiopulmonary diseases 
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and the levels of major pollutants in the ambient 
air monitored on daily basis in large cities. Delhi 
has witnessed an unprecedented increase in the 
number of motor vehicles in the last decade and 
has acquired the status of being amongst the 
most polluted cities of the world 5 . Based on the 
data on excess mortality with increasing air 
pollution from the west, alarming projections 
regarding deaths from air pollution in Delhi 
have been made in the press and other media. 
Concern groups such as the Center for Science 
and Environment have created public 
awareness regarding the ill effects of air 
pollution resulting in judiciary taking a note of 
the matter and enforcing emission norms for 
the motor vehicles. Much of the information 
regarding adverse health effects is from 
developed countries where the prevailing levels 
of pollutants in the ambient air are relatively 
low. Similar data from Delhi or other major 
cities in India are not available. We report here 
our observations on emergency room visits to 
All India Institute of Medical Sciences Hospital, 
New Delhi for acute exacerbation of chronic 
obstructive airways disease, acute severe 
asthma, and acute coronary event in relation to 
the levels of ambient air pollution during the 
period Jan 1 st 1997 to Dec 31 st 1998. 


MATERIAL AND METHODS 

Casualty Visits. Records of patients having 
visited the Casualty Outpatient Department of 
AIIMS were scrutinized by a physician for 
counting events of interest on a daily basis 
starting 1 st January 1997 in a prospective 
manner. AIIMS is a tertiary care hospital with 
approximately 1200 hospital beds located in 
south Delhi. It is one of the four large 
Government Hospitals with free beds. Almost 
150 patients visit the emergency room every 
day. The following three categories of patients 
were counted for analysis of events : 1. Acute 
exacerbation of chronic obstructive airways 
disease (COAD), 2. Acute asthmatic attack 
requiring nebulized bronchodilator therapy and 
3. Acute coronary event defined as acute 
myocardial infarction, unstable angina or acute 
left ventricular failure due to ischemic heart 


disease. Only some of these patients were 
hospitalized on account of shortage of hospital 
beds or rapid improvement in the general 
condition within a few hours of starting the 
treatment on observation beds. A patient 
visiting the hospital more than once in 24 hours 
was counted as one. 1 

Measurement of Pollutant Levels. These 
measurements were made by the Central 
Pollution Control Board (CPCB). Data were 
obtained at a monitoring site located at one of 
the more heavily polluted areas near a traffic 
intersection. Total suspended particles (TSP) 
were estimated by the gravimetric method 
using a high flow respirable dust sampler 
(Envirotech A PM 460, New Delhi) for 12 to 24 
hours. The levels of sulfur dioxide (SO,), oxides 
of nitrogen (NOx) were obtained by wet 
chemical methods 6 (West-Gaeke, 1980, Jacob 
Hochheiser, 1976). Carbon monoxide (CO) level 
was monitored continuously using nondis- 
persive infrared CO analyzer (WHO, 1976). 
Meteorological data including temperature and 
humidity were recorded continuously at the 
monitoring station using appropriate devices. 
The results of TSP, CO, SO, and N O, measure¬ 
ments were tabulated as daily time weighted 
averages. Temperature was calculated as time 
weighted average, while relative humidity was 
the mean of maximum and minimum values 
recorded in 24 hours. 

Analysis of Results. Missing data for some of 
the pollutants on certain days were generated 
by linear interpolation between the nearest val¬ 
ues 7 . Comparison of mean values of pollutant 
levels, meteorological data, and events of inter¬ 
est for the years 1997 and 1998 was done usi ng 
Wilcoxon rank sum test. Degree of relationship 
amongst levels of pollutants, temperature, hu¬ 
midity and events of interest was assessed by 
using Spearman's rho coefficient. A time lag of 
one day improved the correlation between the 
levels of pollutants and the observed events. Of 
the various degrees of time lags tried, one-day 
lag fitted the data the best in univariate as well 
as multivariate analyses. 

Univariate regression of events of interest on 
major pollutants was undertaken using linear as 
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well as Poisson regression 7 . Time series analysis 
of the data was undertaken using Poisson 
regression and population averaged general 
estimation equation (GEE), correcting for auto¬ 
correlation, day of the week and season. Six 
categories of season were created for two 
months period starting from January. The day of 
the week was categorized as weekday (Monday 
through Friday) or weekend (Saturday and 
Sunday). Season and day of the week were 
treated as categorical variables and included as 
dummy variables in the model. All four 
pollutants were initially entered in the model in 
addition to temperature and humidity. Non¬ 
significant variables were dropped in a step¬ 
wise fashion while retaining weather 
parameters. Statistical package STATA version 
6.0 was used for data analysis. 

Keeping the upper limit of the norm for 
individual pollutants prescribed by the Central 
Pollution Control Board (CPCB), New Delhi, for 
the residential areas in the multivariable 
regression model, and the ambient temperature, 
humidity, day of the week and season, we 
computed 'expected' total as well as disease 
specific morbidity for each one of the days. 
Difference between the events actually observed 
and the calculated events under 'acceptable' 
conditions gave an estimate of the 'extra events' 
that could be ascribed to the levels of the 
pollutants exceeding the 'recommended norms'. 
Total as well as disease specific extra-events 
were calculated. 


RESULTS 

During the year 1997, theTSP, SO, and NO, 
data were recorded on 248 days (117 missing 
values), whereas CO levels were monitored on 
all of 365 days. In 1998, theTSP, SO, and NO, 
levels were available on 244 days (121 missing 
values), while CO levels were available for all 
the days of the year. Temperature and humidity 
data was available for both the years. Gaps in 
recorded data never exceeded three days, and 
there was no special clustering in relation to 
weekends or holidays. Missing values were 
generated by linear interpolation between the 
two nearest values before further data analysis. 
During the year 1997, the levels of TSP, NO, and 
CO exceeded the National Ambient Air Quality 
levels on 360,80 and 352 days respectively This 
happened on 353, 75 and 354 days respectively 
in 1998. The SO, levels were below the 
acceptable levels on all the days of both years. 
The mean and standard deviation for the 
pollutants, temperature, humidity and cardio¬ 
respiratory events for the two years are given in 
table 1. It was noted that in comparison to 1997, 
the levels of CO, NO, and SO, increased 
significantly in 1998 along with an increase in 
the number of cardio-respiratory events. The 
total number of patients attending the casualty, 
however, remained unchanged. 

Significant direct correlation was observed 
amongst all the pollutants (Table 2). It was 
strongest between SO, and NO,. Further, they 


Table 1. M ean level of air pollutants (mean of daily averages for the whole year) and the events of interest for the year 
1997 and 1998. M ean values of temperature and humidity are also given. 


Parameter 

1997 

1998 

P value* 

Temp (c) 

24.5k5.7 

23.3k5.8 

0.0040 

Humidity (%) 

62.2±10 

60.7+13 

0.0125 

TSP* 

409±128 

426±174 

NS 

CO# 

4810 ±2375 

5450+2927 

0.0044 

NO x # 

67 +28 

63±22 

NS 

S0 2 # 

21±13 

25±10 

0.0000 

Events 

18±11 

26±22 

0.0000 


*Wilcoxon's rank-sum test; # microgram/cubic meter; CO = Carbon monoxide; SO, = Sulphur dioxide; 
NO x = Oxides of nitrogen; TSP = Total suspended particles. 
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were all negatively correlated with temperature 
but bore no correlation with humidity. Cardio¬ 
respiratory events were positively correlated 
with the levels of all the four pollutants 
measured and relative humidity, and negatively 
correlated with temperature. 

During the year 1997,50,336 patients visited 
the casualty outpatient department. Of these, 
6,478 had cardio-respiratory events of interest. 
The corresponding figures for 1998 were 52,268 
and 9,334 respectively. Disease-wise break-up of 
the patients is given in table 3. 

November to February are the coldest 
months in Delhi. TheTSP levels were noted to 
be highest in November and December each 
year. The levels rose again in May, which is one 
of the hottest months. Lowest TSP levels were 
noted from July to September which correspond 
to the period after the onset of monsoon. 
Similarly, relatively lower levels during January 
and February may be' related to brief winter 
rains in Delhi. Casualty visits with cardio¬ 
respiratory events increased sharply in 
November and December, and declined rapidly 
in the new year. The daily count of events of 
i nterest agai nst the ti me axi s has been show n i n 
figure 1. 

Daily events had large dispersion around the 
mean value (Table 1). Univariate Poisson 


i 

i 
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Date 

Figure l. Events plotted against time 


regression showed all four pollutants to be 
significantly and positively related to the cardio¬ 
respiratory events. Multivariable Poisson 
regression of events on pollutant levels, 
temperature, humidity and the total number of 
patients visiting the casualty resulted in 
elimination of SO, and NO x as significant 
predictors. Analysis of data using general 
estimation equation (GEE) showed similar 
results. The odds of extra-events calculated from 
multivariable Poisson regression model are 
given in table 4. On an average during the years 
1997-98, approximately 22 cardio-respiratory 
events were encountered daily in the casualty 
outpatient. It is estimated that almost one fourth 
of these could be attributed to the ambient levels 


Table 2. 

Coefficient of correlation 

as derived by Spearman's rho between events and various parameters. 



TSP 

c 0 

NO x 

so 2 

Temp 

Humidity 

Events 

0.1809 

0.1526 

0.1800 

0.2265 

-0.043" 

0.1767 

Humidity —0.0689* 

0.1289 

0.1861 

0.0423* 

-0.1177 


Temp 

-0.3008 

-0.2580 

-0.1462 

-0.2535 



so 2 

0.4074 

0.4170 

0.7333 




NO x 

0.3828 

0.4539 





c o 

0.3527 






All pairs significantly correlated except those marked with*; CO = Carbon monoxide; SO, = Sul pur dioxide; 

MV 

= Oxides of nitrogen. 






Table 3. 

Records of patients of cardio-respiratory disease visiting casuality 1997-98. 



Year 

Total No. of 


Total 

COAD 

Asthma 

ACE 


patients attending 


cardio-respiratory 





casualty 


events 




1997 

50336 


6478 

1240 

2138 

3100 

1998 

52268 


9334 

1944 

3151 

4239 
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Table 4. 

Observed and expected daily (mean 

± SD) events 1997-98. 



Disease 

0 bserved 

Expected* 

Extra 

%Increase 

Asthma 

7.23 ± 7.82 

5.96 ± 4.55 

1.27 ±4.93 

21.30 

COAD 

4.37 ± 4.97 

3.50 ± 2.48 

0.87 ±3.34 

24.90 

ACE 

10.09 ± 7.09 t 

8.-11 + 3.07 

1.97 ±5.70 

24.30 

Total 

21.65 ± 17.65 

17.44 ± 9.54 

4.20 ± 11.38 

24.10 


^Calculated by assigning permissible upper level of CO and TSP in the regression model. 
CO AD = Chronic obstructive airways disease; ACE = acute coronary event. 


of pollutants exceeding the upper limits 
recommended for Delhi by the CPCB. The risk 
was the greatest for acute exacerbation of 
chronic obstructive lung disease, acute coronary 
events and followed by asthma. 


DISCUSSION 

The influence of daily variation in the level of 
pollutants on cardio-respiratory morbidity and 
mortality has been extensively studied in 
several large cities in the world 8 - 9 . Among the 
short-term adverse effects, hospital admissions 
or emergency room visits for asthma, chronic 
obstructive airways disease, or acute coronary 
events have been reported to be related to 
ambient air pollution 21013 . It is for this reason 
that we chose to investigate the number of 
emergency room visits for these three conditions 
at the AIIMS hospital. Relevant air pollutants 
having adverse cardio-respiratory effects are 
TSP, CO, NO, SO, and ozone. The first four are 
being routinely monitored by the Central 
Pollution Control Board at six monitoring sites 
in Delhi, but consistent data on most of the days 
was avail able from only one of these sites. It is 
located in a more heavily polluted central area 
near a busy traffic intersection. Personal 
exposures to ambient pollution amongst 
residents of Delhi are likely to varyVidely 
limiting the validity of these observations. 
Further, no data on ambient levels of ozone is 
available in Delhi on a regular basis and the 
present analysis is limited to only to above- 
mentioned four pollutants. 

Delhi is a highly congested city with an 
estimated population of over 10 million. It has a 
large number of government owned as well as 


private hospitals catering to the needs of not 
only the residents of Delhi but also the 
surrounding areas. There are no designated 
hospitals for area-wise use. It is impossible to 
define the population served by the AIIMS 
hospital. The emergency room visits, however, 
are mainly by patients residing within a 
distance of 10 kilometers from the hospital. We 
were constrained to use the data from a single 
hospital as there is no central registry of hospital 
admissions, and the outpatient records of other 
hospitals could not be made available to us. 
Considering the limitations in the assessment of 
both exposure and outcome variables, the 
findings of the present study should be taken as 
preliminary observations. They are however of 
sufficient interest since no other reports are 
avail able from Delhi. 

Counts of events were found to have large 
dispersion around the mean and the data was 
not normally distributed. Events requiring 
emergency room visits are typically rare and are 
best represented by Poisson distribution. This 
has been the standard approach by most investi¬ 
gators and was used in the present analysis as 
well 7 . We used time series analysis with each 
day as a unit of observation. Temperature and 
humidity were included in the basic model as 
explanatory variables which needed to be 
controlled for. We used population averaged 
general estimation equation for Poisson family 
to model events of interest. This method of 
statistical analysis has been used by several 
investigators in the recent years 2 - 4 . Although 
time series analysis can not establish casualty, 
the present method of data analysis is expected 
to define those pollutants which affect cardio¬ 
respiratory events after taking other explanatory 
variables into account. 
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Emergency room visits for asthma have been 
related to particulate air pollution (PM„) by 
several investigators 12 ' 14 ' 15 . This association has 
been observed even in regions where particulate 
concentration did not exceed the ambient air 
quality standards. The association between SO, 
levels and asthma admissions has been less 
consistent 2 . Similarly ambient NO, levels have 
been reported to have a weak correlation with 
asthma admissions. Variable findings have been 
reported by other investigators who observed 
association between asthma admissions and SO, 
in children, and with NO, in adults 16 . Although 
both SO, and NO, were significantly related to 
emergency room visits for asthma on univariate 
analysis using Poisson regression, these 
variables did not significantly add to the 
predictive power of the model after inclusion of 
other explanatory variables. Ambient ozone 
levels, particularly in summer months, have a 
stronger effect 12 Since these levels were not 
measured in this study, some of the variability 
in asthma admissions would remain 
unexplained. The findings of the present study 
suggest that asthma admissions increase by 
almost 21% due to the ambient levels of 
pollutants exceeding the national air quality 
standards. 

An association between daily emergency 
room admissions for COAD and levels of CO, 
SO, and black smoke has been reported from 
Barcelona where the levels of individual 
pollutants were much lower than the standard 
values 17 . Others have reported an increase in 
emergency room admissions due to respiratory 
illness without categorizing it further 10 - 11 . We 
observed a significant association between 
admissions due to exacerbation of COAD and 
levels of TSP and CO. These findings are 
significant as the analyses were performed 
without specifying age groups of the subjects. In 
terms of burden of disease, COAD admissions 
are almost half of the asthma admissions, but 
almost a quarter of them could be attributed to 
levels of pollutants exceeding the national 
standards. 

Daily time series analysis for cardiovascular 
hospital admissions and previous day's air 


pollution has been reported for London 13 . The 
investigators observed myocardial infarction to 
be related to black smoke, NO,, CO and SO,. 
The present study also shows association 
between acute coronary events and daily levels 
of TSP and CO so that a quarter of these events 
could be attributed to the levels of these 
pollutants exceeding the national standards. 

It would be useful to extend these studies to 
include emergency admissions to all hospitals in 
Delhi, and analyze their association with daily 
levels of pollutants measured at all the six 
monitoring sites. Meanwhile, the preliminary 
observations reported here emphasize the 
immense burden of disease in Delhi due to high 
levels of ambient air pollution. 
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